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ventricle, and the extra\^afation covering the fifliire in 
the aorta, exaitly marked, as they appeared to, 

(«■ am mm -m 

My Lord, 

Your Lordfliip s 
moft obedient 

and moft humWe fervant, 

Frank Nicholk 
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LII. Of the irregularities in the planetary 
Motions^ caufed by the mutual AttraBion 
of the Planets : In a Letter to Charles 
Morton, M» D. Secretary to the R(yal 
Society^ by Charles Walmefley, F. R. S, 
and Member of the Royal Academy of Sci- 
ences at Berlin, and of the Inftitute at Bo- 
logna. 

iRead Dec. lo, TTpInding that the influence, which the 
1 76 1. JJ-i pj-jjjj^jy planets have upon one an- 
other, to difturb mutually their motions, had been 
but little confidered, I thought it a fubjed worthy of 
examination* The force of the fun, to difturb the 
moon's motion, flows from the general principle of 
gravitation^ and has beeii fully afcertained, both by 
theory and obfervation 5 and it follows, from the 

Na a fame 
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fame principle, that all the planets muft ad: upon 
one another, proportionally to the quantities of mat- 
ter contained in their bulk, and inverfe ratio of the 
fquares of their mutual diftances ; but as the quan- 
tity of matter contained in each of them, is but Imall 
when compared to that of the fun, fo their adtion 
upon one another, is not fo fenfible as that of the fun 
upoji the moon. Aftronomers generally contented 
themfelves with folely confidering thofe inequalities of 
the planetary motions, that arife from the elliptical 
figure of their orbits ; but as they have been enabled, 
of late years, by the perfed:ion of their inftruments, 
to make obfervatbns with much more accuracy than 
before, they have difcovered other variations, which 
they have not, indeed, been able yet to fettle, but 
which feem to be owing to no other caufe, bqt the 
mutual attraftion of thofe celeftial bodies. In order, 
therefore, to affift the aftronomers in diftinguifbing 
and fixing thefe variations, I fhall endeavour to cal- 
culate their quantity, from the general la w of gravita- 
tion, and reduce the refult into tables, that may be 
confulted, whenever obfervations are njade. 

I offer to you, at prefent, the firft part of fuch a 
theory, in which I have chiefly confidered the effedls 
produced by the adbns of the earth and Venus upon 
each other. But the fame propofitions will likewife 
give, by proper fubftitutions, the effecfts of the other 
planets upon thefe tvro, or of thefe two upon the 
others. To obviate, in part, the difficulty of fuch 
intricate calculations, I have fuppofed the orbits of the 
earth and Venus to be originally circular, and to fuiFer 
no other alteration, but what is occafioned by their 
mutual attraiflion^ and the zttnGdon of the other 

planets^. 



L ^ i I J 
planets. Where the forces of two planets are con- 
liderablc, with refpcft to each other, as in the cafe of 
Jupiter and Saturn, it may be neeefliry, in fuch com- 
putations, to have regard to the excentricity of theif 
orbits I and this may be referved for a fubjeft of fu- 
ture fcrutiny. But the fuppofing the orbits of the 
earth and Venus to \m circular, may, in the prefent 
cafe, be admitted, without difficulty, as the fcM-ces of 
thefe two planets are fo fmall, and the excentricity of 
their orbits not confiderable. On thefe grounds, 
therefore, I have computed the variations, which are 
the effeds of the earth's adion : firft, the variation of 
Venus*s diftance from the funj fecondly, that of its 
place in the ecliptics thirdly, the retrograde mo- 
tion of Vcnus's nodes % and, fourthly, the variation 
of inclination of its orbit to the pkne of the ecliptic* 

The limilar irregularities in the motion of the 
earth, occasioned by its gravitation to ¥enus, are here 
likewife computed : but it is to be obferved, that the 
abfolute quantity of thefe irregularities is not here 
given, it being imooffible, at prefent, to do it i be- 
caufe the abfolute lorce of Venus is not known to us. 
I have, therefore, ftated that planet*s force by fup- 
TOfition, and have, accordingly, computed the effeds 
iTmuft produces with the^iew, tL the aftrono- 
mers may compare their obfervations with the md^ 
tions fo calculated, and, from thence, difcover how 
much the real force differs from that which has been 
fuppofed. But the exaft determination of the force of 
Venus muft be obtained, by obfervations made on the 
fun's place, at fuch times, when the eflfca: of the 
other planets is either null or known* 
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The influeace of Venus upon the earth being thus 
computed, that of the other planets upon the fame, 
may Ukewife, hereafter, be eonfidered : by which 
means, the different equations, that are to enter into 
the fettling of the fun's apparent place, will be deter- 
mined 5 the change of the polition of the plane of the 
earth's orbit will alfo be known ; and, confequently, 
the alteration that thence arifes in the obliquity of the 
ecliptic, and in the longitude and latitude of the fixed 
ftars. Thefe matters of fpeculation are referved for 
another occafion, in cafe what is here offered fhould 
deferve approbation- 

I am glad to have it in my power to prefent you 
with this teflimony of my gratitude for paft favours, 
and of my reiped: for your diflinguifhed merit -, and 
it is with fincerity, I fubfcribe myfelf, 

SIR, 

Your very humble fervant, 

Nov.^2'^i76i. Cha. Walmefley. 

De Ifuequalifatibus quas in motibus Planet arum 
generant ipforum infe itwkem aSiiones. 

QUoniam in theorlae hujus decurfu freqaens erit 
^ufus fluentium quae arcubus circuli, vel eoruni 
finibus, cofinibus, et finibus verfis, exprimuntur, id- 
circo lemma fequens, quod alibi olim tradidi, lubet 

hlc apponere. 

Lemma. 
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Lemma* 

Dato cofinu arcds cujufvis, invenire cofinum ct 
finum arcus alterliis qui fit ad priorem in ratione 
A ad I. 

Detur iT cofinus arcAs A ad radium i, et fit arcua 
B = X A, cujus cofinus dicatur t^ eritque, utnotum 

eft, A =-= — :^^4=r, atque B =2 x A = ->.'^> -w.^ 
Ponatur t = — — , et t =: — —^ fietque A — 



B = ^ \ , : fed eft A . B :: I •A, adeoque -^ z= - j^ 



yV — I ' * AT 7 

unde log, x^ = log* y^ et x^ = y^ Verum aequationes; 
^ = i±^ et / = i±L^ dant ^ = c + ^TTITT, 

X r=: c — *J ce "-^ I, et ^= / -f- ^// — i,^ rrr 
/ — V ^^ _ I ; unde eft a;^ = / + "J tt — i =: 

<r ±^/^ cc -^ I ', atque inde 2/ = r 4" V ^^ . — j] 

Ji^c -^^ cc — iJ . Fiat igitur c ^^ cc — i =; 4 
et c — '^ cc — I == ^y eritque tm z=z i, et c = cof. 

A = — —> et finv A =: '"■■ - ^ -— i > atque inde 

/ =; €01. B =: — — , et fitx. B t=: — ■ — ^ 'V ..^ j^ 

Itaque in drculo^ cujus radius eft r> fi duorum 
arcuum vel angulorum A et B dteruter B fit ad al- 
ter um A ut numerus quiiibet x ad i, et ponatur 

cof. A = , exiftente Im zzz i, erit fin* A 
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^j--j . V — I, atque cof* B = ccfs x A = ^, 

ct fin. B = fin. A A = ~— V — i. Q^E. I. 

C O R O L L. I. 

inc habetur cof. A x col B = -j~' >^ — J 



IMMWNW«NM««ViHNM|HM» 



- S 



, — Z — . — |-. ^ J fed^ quemadniodum per 

hoc lemma eft = cof. A A, erit = 



cojC a -f- ^ X a =: cof. A 4" B, atque 

I II I » H I| aaMIIIMlMa«MHMM*« 

cof. A— I X A == cof.B — A, adeoque cof. A xcof. B 



= 4 cof. A 4- B 4- 4. cof B — A. 

Atque hoTcalS^li methodo facil^ eruuntur fe- 
quentes formula pro duobus angulis A et B, adver- 

tendo efle cof. B — A =; cof A ~ B, fin. B — ^ A =: 

.^ fin. A— -B, et cof 0=1. 



I^ Cof. Ax cof B = 4. cof 4,4- B 4. 4 cof A — B. 

2^ Sin. Ax fin. B=:— 4. cof A + B -|-4.cof A — B^ 

3^ Sin. A xcof B = 4 fin. A 4- B 4- 4- fin. A-^Bi. 
Atque ex illis hae fequentes eliciuntur^ 

4^ Cof, A4-B = cof Ax cof B — fin. A X fin. B* 
5^ Cof A •*- B r;^ fin. A x fin- B 4- cof A x cof B, 
6^ Sin. A 4^ B =: fin. A xeof B 4* cof A x fin. B. 
7^. Sin. A — B = fin. A X cof. B — cof A x fin. B. 
Turn ex his valores tangentium hand a^gre d^ri- 

vantar^ 

Quippe 



u 



I 281 ] 

Qulppe cum lit generatim pro quovis angulo A, 
tang, A == -——- , cnt tang. A -4- U = — „"■ "■ = 

° col, A cof, A + B 

fin. A X cof. B + coC A X fin. B fin. A xcof. B-fcof. A xfin. B 

cof, A X col. B — iin. A x iin. B "^ cof. A X fin. B. 

cof. A X fin. B tang. A , 

^ cof. A X cof. B — fin. A x fin. B — tahff. B » 

ta ng. A -, t ang. B ^ ^. .,. 
I I — tang. A X tang. B 

^ ^ I + tang. A X tang. B 

Unde flatui poflunt, 

to. Tang. ATB = tang. A ^ tang. B 

o \ I — tang. A X tang. B 

- "I . tansr. A — ' tang;. B 

2». Tang. A - B = , ^ ^g. ^ X tang. B " 

30. Tang. A x tang. B = ^^"g- A + B - tax.g A - tang. B 

^ & ^ a tang. A + B * 

,^ A ^ -n tang. A- tang. B — tang. A— B 

vel tang. A % tang. B = — 2 ^ ^ . 

tang. A — B 
C O R O L L. 11. 

Erat in Icmmate A = — ~=, unde eft A s/ZITi 

x'^ — i 

= log. Af. 

Denotet igitur E numerum cujus logarithmus 

hyperboliciis eft i, eritque E^*»^"' zr= x, et cum fit 

J ■ " ■p ■ ' II .III 

a; = r jf V cc — I, inde obtlnetur c = cof. A riz 
. atcriie fin. A =: -< : « 

Vol. LII. Oo Sunt 
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Siint qui his finuum et cofinuum valoribus pdtius 
utuntnrs verum ii valores, quos exhibet corollarium 
prigBcedens, fimpliciores funt et cakulo plenimquq 
aptiores* 

C o R o L L. III. 

Qjoniam eft 2 x cof. A =: / 4. ^, erlt 
Z*^ X cof. A^ = K ^ X— I 

^ 3 

affumendo fcilicet primes et ukimos termlnos homo- 
logos feriei exprimentis quantitatem / -}- nt : unde, 
propter Im = i , provenit 

a^ 'xcoCAr=:— r- -4- AX — v- 1- ax-— — 

2 ' 2 • 2 

X ; {-AX-^X-j-X— ^^ h &^» 

atque adeo per lemma 

cof. Al'' == — =t in cof. hA -X- X cof. a •— 2 x A 4- x 
X-3_cof. A- 4 X A + A X -r— X -7- cof A- 6 

Ubi A eft numerus impar, termmus ultimus feriei 
crit ille in quo numerus A, vel A — 2, vel A — 4, 
&c. qui multiplicat angulum A, evadit aequalis i • 
Uhi vero A eft numerus par, terminus ultimus feriei 
crit ille in quo numerus praedidus evadit aequalis o, 

5 ^^^ 



quo i» cafu fcmiffis tantum ultimi termini fawnda 
efts cum enim feries haec coUigatur ex aumero pari 
teriBinorum homologorum, quae tamen, ubi h eft 
numerus par, conftare debet ex terminorum numero 
imparl, ideo duplum exhibet terminum ultimum. 

Simili raodo cum fit 2 x fin. A = / — mx ^— i^ 

crk 









'W i i iiiiH k 0imimmmmimm^ I 

a"" X fin. A'"- = V — IX < 



&c. 



*-i^-» ;. 



+ iw' + Knf^ l±hMt, "-—^ni-'^V 



•4" /^5v 

l &c. 



3 ^» 



Terminis Infenoribus hujus feriei praefiguntur alter- 
natim figna 4- — ^bi A eft numerus par, et figna 
— + ubi A eft numerus impar, adeoque in priore 
cafu eft 



a""*' xfin.Al^ = v^~il 



irm 



. 1^+n^ 



— AX 



I^^^+m^ 



X— I >,-.a l^'^+m 



a 2 ^3 



2 

K-6 






e. in cafu pofteriori " ^ " '^''^' 

•"I"'", wCw« 






2 ' 2 

^^ ^ ,y, ■ „ 



2 2 232 

Adeoque fi a fit numerus par, erit 
fin. A'" zm •;^, in + cof. aA + A cof. A— 2 x A + A 



X — — co£ A— 4 X A + A X - 

XA+, Sec. 

Oo 2 



X 



cof. A — 6 



Signa 
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SigM hfe alternatim mutantar, et fuperiora funt a^- 
aibenda, ubi A e^pnmit unutn ex numeris 4, 8, 1 2, 

1 6, &c. quia tunc eft v' — j Ix — - j . inferiora autem 
adhibenda, ubi X exprimit unum ex numeris 2^ 6, 

lo, 14, &c. quia tunc eft ^/ ~ il^ =: — i. 
Si A fit numerus impar, cum per lemma fit 

- 1 = fin. A A, et — ^ — 1 = 

a 

2 X A, &c. habetur 




~ in + fin. A A + A X fin. A — 2 x A + A 



I h — 2 



fin. A — 4XA4.AX X fin»A--6 

2 ^3 

XA + , &c, 

ubi figna fijperiora fiint ufiirpanda, cum A exprimit 
unum ex numeris j, 5, 9, 13, &c. quia tunc eft 

a/ ««. v^ zrz V — J ; et figna inferiora, cum A fuerit 
unus ex numeris 3, 7, 11, 15, &c. quia tunc eft 

\^ -^ J k — - V — ^^7. 

Notandum autem, feriei ultimum terminum efle 
ilium in quo numerus x, vel A — 2, vel A — 4, &c. 
eft aequalis i ubi a eft numerus impar ; atque ter- 
minum ultimum efle ilium in quo praedidus numerus 
eft.aequalis o ubi A eft numerus par, quo in cafii fe- 
miffis tantum ultimi termini afifumenda eft ob ra- 
tioncm fijperius datam. 

Ex his finuum et cofinuum expreflionibus alia hu- 
jufinodi theoremata deducere liceret, fed quse hic tra- 
duntur ad praefcns inftitutum fufficiunt. 



C0R01.L. 
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C O R O L L, IV* 

No.™ eft fluentem fluxionU A cof. A effe fin. A. 

^tque fluentem fmxionis A fin, A efle fin, verf. A, 
Pariter fi fumatur arcus A A qui jfit ad arcum A ut 

Humerus quilibe, , ad ,, cim fit x A cot A A »jua. 
lis ftuxioni finus arcus x A, erit flu. A cof. x A = 
tilA^ et flu. A fin. A A = ^'"- ^^'•^- ' ^. Itemque, fi 
ad arcum a A adjungatur arcus datus d, cum fluxio 
arcus A A 4- ^ fit squalis A A, erit flu. A cof, A A -f- ^ 

fin. A A H-^ ^ • ^ . A \ J fin, verf. xA + d 

Sumantur jam duo anguli, vel duo arcus A A et f4.A, 
qui fint ad angulum, vel arcum A refpe<5live, ut A et 
f4,zd I, atque per CoroU. IL habetur cof, A A co£ x fe A 

:= 4. cof. A + /^ X A 4- 4- cof. A — fi X A ^ unde 

« 

erit flueus fluxionis A cof. A A x cof. (4, A aequalis 

fin. ^ + /E* X A j^ fin. X — 1* x A 

ax?^+i* 2XX — ft 

Atque hoc methodo prodeunt fequentes formulae 

fin. X 4- |£A X A 



• 

I^ Flu. A cof. A A X cof. ft A 



2 X X + f* 



I lirir h""— HI, X A 

— I"* -..'" ' ', V 

2 X X (A 

* 

2^ Flu. A fin. A A X fin* ft A 



fin. X + /* X A 

.«— — I II I ^ ■f- 

2XA + ^ 



. fin. ?^— ^x A 

2 X A !A. 



3'- FJu- 



3^ Flu* A fin* A A X cof, /t^ A 
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fin, verf. x + f^xA 



mmmm 



2 X^ + ffe 



- fin. verf. x — /xxA 



Adve^enSum^utem eft. ubi A = „ tunc effe 
eof. A A X cof. j«A = 4- cof. 2xA 4- ^> fin. xA 
X fin. uA = — ' cof. 2 aA 4- 4-> fin- ''^•A x cof. u A 
= 4 fin. 2 A A ; adeoque in hoc cafu formufe pVx- 
cedentes evadunt 



immmm 



to Fill A vrnf 5.a1* fin. 2xA , A 

12^ Flu A^fin aAJ"^ — ^^I±J±^JL^ 

4?v • 2 

3^ Flu. A X fin* A A X cof. X A = --^ — -^— - — . 
Si angulo A A addatur angulus datus d, erit cof. 



A A 4- ^ X €of. jtfc A != 4. cof. A -f- ffc X A 4- ^ + 



PPMWiWIMHMHPINMIiiW 



cof. A ^ — ^ X A 4" 4 atqu^ ind^ 



19. Flu. A cof. A A 4- d%coCf4,A^ 



fin. X 4- /it X A + </ 

2X^4-^6 



{|p«*MMMM««H 



I fm. K — ^f*xA4-^ 

tp*"^*""* ■■■■• 



MpHWMMHV^ 



2XX — f«. 



2^ Flu. A fin.AA4'^xfi^*f*A.=^ 



fin* h-^fji^xA+d 



«MMia 



2XA4-f* 



fin* ;^ *— ^xA-M 



2XX — f* 



■M 



nO Fin A fin ITZlvrAf ,, A - ^'^* ^^^^ ^"^^^^"^^ 
2% Jriu. i% un. Ail-4'« XCOl. UjnLJ:::^----' =1:;=:=:^— - 

2 X?v4-f<' 



+ fin. verf. x — ^|i6xA4-^ 
^■H— ■■! ' .... ' . II- I IWWWm 

2Kh 



A « «^ iUt 
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— ,, • />• "■ ■ "";"" f /• * fin. verf. x-f JxX A+<3f 

4^ Flu. A col. xA+ixfin. ffcA=: 



■*«wt|iWW»«ii*i»*— '■* " "— "■■WW Wt 



axK+f* 

fin. verf. x — fMxA-i-d 



*'••«-* ^ ' - -»•«- WMHt«INMMMMWNH*MNM» 



2 X^ — f& 



Si fuerlt a = ^te, erit cof. xA + dyicoC A A =: 
4, cof. IaA^TJ «j. I. cof. 4 &c. adeoquc formulai 
praecedentes in has abeunt, 

• .. .■ '• '■ ' I -" ^ - fin. 2^A + isT 

1°. Flu. A cof. A A 4- ^ X cof. A A == 7;;^ 

I cof. d * 



wiMwn 



2^ Flu. A fm. A A 4- ^xfin. A A 

+ cof. d . 



fin. 2?<A + ^5^ 

gmmmmmmmmmmmmmmmimm 

4x 



3°. Flu. A fin. \A 4- </xcof. xA 

+ fin# d * 
A. 
2 

4P. Flu. A cof. AA-f-^Kfint A A 

fin. d M 

■— """ " At 



fin. verf. 2xA + ^ 

.■■■■■■•^■■•■■■•■■■■■■■^■■■■■•■•■■■MWiB 

4?^ 



■^■MMaMMMMMMM 



fin. verf. axA^^ 



Propositio I. Problem A. 

In fyftemate duorum planetarum circa Solem in orbibus 
pene circularibus revolventium, requiratur vis pla-* 
netag exterioris ad perturbandum motum interioris. 

Revolvantur planete duo P et Q^(FIg. i.) in eo- 
deni piano circa Solem in S, et jungantur SP, SQ^ 

Qrbis; 



Fig. I. 
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Orbis planetas interlorls Q^ cu- 
jus motus hxc inveftigamus, circu- 
laris fupponitur nifi quatenus mu- 
tatur ejus figara vi planete P ; or- 
bem vero planetse P ut accurate 
circularem habenius. Polita ergo 
unitate pro diftantia corporis Q^ a 
Sole ubi ambo planetse verfantur in 

conjun6lione cum Sole, fiant S Q 

z= X, ?CXj=z Zy SP =: /e ; tum- 

que vis attradlionis Solis in diftan- 

g tia asquali i fit ad vim attra6lionis 

planetse P in eadem diftantia ut i 

ad (p, eritque 4 gravitas planetae Q^ 

in planetam P. Producatur jam, fi 
opus eft, PQ_ad O ut fit PO — : 

J, et dufta O I parallela ipfi Q^ 

occurrente red:ae PS produftae in I, 
propter triangula fimilia P Q^> 

POI, eritPCL:PS::PO-PI, hoc eft, PI = ^, 

atque PQj^QS :: PO • 01, hoc eft, OI = y. Sed, 

4juia parum diff^ert x ab unitate et admodum exigua eft 
vis (p, pro X fcribi poteft i in omnibus iis terminis qui 

ducuntur in <p, adeoque O I =;= 4"« Ex vi P I aufe- 
ratur vis -^ qua gravitat Sol in planetam P, et vis re- 

^ eft ea qua perturbatur motus planetam 

QJn diredione parallela redae PS : nam cum motus 

planetarum 




fidua *-r 
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planetarum referantur ad Solem fpedatum tanquam 
immotum, vis ^ pars ea -^^ qua fimul urgentur Sol 

et planeta Q^erfus P fecundum lineas parallelas, nom 
piutat corporum S et Q^tum ad fe invicem, ideoque 
differentia viriiim fola perturbationem inducit. 

Quare differentia ilia, nimirum — — •—, expona- 

tur per lineam QT parallelam redlas PS, et in SQ^ 
demiifo perpendicuio TR, vis QT refolvetur in vires 
TR, Qjl, eritque vis QT ad vim TR ut radius i 

ad finum anguli QS P, adeoque vis T R = ^ — ^ 

X fin. QS^P, et vis QR = ~ — -J X cof. QS P* 
Ex vi autem QR tollatur vis OI utpote in contrariunj 

agens, et manebit vis -^ — ^ x cof. QS P — —• 

Vires igitur, quibus planeta P perturbat motum pla«» 
netse Qlquaten^s in eodem piano moventur, funt 

f". Vis TR ad radium QS^ perpendicularis, qua 
augetur vel minuitur area tempore dato defcripta^ 

eftque sequalis ^ — -~ x fin. Q^P. 

2^ Vis ^ X k coL QlSP— I —^ cof. QSP, 
qua retrahitur planeta Q3 Sole in diredione radii 

Ut autem harumce virium expreiiiones formam In- 
duant calculo accommodam, ope trianguli PSQJia- 

bebitur PQF = zzirzkk^ xx — zkxxcoC QSP, 



five, pofiti AT =: I ob rationem diitam, zz z=z kk 
Vol. LII. P p + I 
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Jj- I — 2 iJ X cof. QS P. Affumatur jam amgulus # 
qui femper fit ad angulum QSP in ratione « ad i, 

witque QSP =s: -x, et pofito kk^ is=: tf, et ^ =: 



4M«i 



B, erit ;2f* == /* X X -^ ^ cof. •^s^ bincquc i = -^r 



« ^ ^ JS' #^ 



X 1 ■— ^ cof. -i' . Si ^ fucrit umtati fer^ aequalis^ 
et cvolvatur quantitas i — ^5 c(£. - j' in fcriem moda 



folito, feries ilia parum convergit, f ftque ad opera* 
tiones analyticas minus commoda. Series igitur alia 
inveftiganda eft> et quia ex lemmate patet hujufmodi 

quantitatem cof. Al'' exprimi pofle aggregato termi- 
Borum, quorum finguli ducuntur in cofinus angu-^ 
lorum qui funt anguU A naultiplices, generatim fup* 

ponemus i — ^ coC -i' =:R ^^ S co£ ^s -f T co£ Ji 

^vcoi:|x + Wcoi:±.+,&c/ 

Atque ut inveniantur valores coefiicientium R, S, 
% Sec. fumatur utrinque fluxio, nempe — ixfin. -jr 

ft n n tf n * 

Ice. atque ducatur asquatio hac in i — b cof. i j, et 

T ■ J T 

1— icof. -p ipfiusvalote R-f Scof. -* 
4- T coC ~* -f-, $K, fiet «»3 X rm. i-* 

X 




• m ill w i<» 
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tcR+Scc£-x+Tcof. -jr4-Vcof.-^+,&c.si-^co£-x 

^ /f fl fi 

ic - S xfm, f^i+ 2T xfm. ^sx^y xCm.h+W x fin.l^+ , &c. 
n n n n 

ct fedd multiidicatione, cum fit (per CoroU. I. Lem.) 
fin. i^ X cof. - X = 4 !(in. ^- — ^ i — 1. fin. ■ - ^ x> ac 

fin. ^s X€of. ^Jis i fin. — -^ ^4- ^ fin, ^^^^i, emerget 

^-»^AR^ f+miS-N r+/w^T 






< +4T >xfin.-x^+6V yxfin,-f, &c. zio 



•, &c. quorum valorum progreffus fatis 



Deinde nihilo aequando fingulos terminos, prodeunt 

TaS + 2««iJR. -XT 4.T + W— I X iS -rinr 

w + ax^ m^'^xb 

»2+4Xi 

manifeftus eft. 

Datis igitur .primiis duobus coefHcientibus R et S, 
dabuntur et reliqui : R et S autem fie inveniuntur. 

. „-, , =:»I — /W^ cof. -i 4" ^ 

X— ~^*COf.-il — l»X~^X-— -^'cof. -jjiS 

&c. = R 4" S cof. - i 4- T cof. -i 4. V cof. - i -|-> 
&Ct Evolvantur termini cof. -4I , cof. — il , cof. ii! , 



«! ' « ' n 



&c. per methodum traditam in Coroll. III. Lem. 
ac, colledis fimul omnibus terminis qui nullo cofinu 
afficiuntur, prodibit 

Pp z R = 
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» 2 2 » 2 2 4 4 

cujus feriei progt'eflio fatis pateti atque adeoj.cum 
fit in hoc noftro problemate m z=: — 4., erit 

» 4x4 ^^4x4^^8x8 »^4X48x8 

Infpicienti indolem hujus feriei patebit terminum 
quemlibet asquari termino antecedenti dudo in 

immmmMummmmm ■■■- i i i i- r - i u 

'' ' . V '^^H 'y live l~lbly r exiftente aequali nu- 

mero quadropliGato terminDrum praecedentium : fie 
terminus fextus, quia habetur in Hog cafu r = 5X4 

20, sequalis eft termino qninto - — ^ • • . . . -2. — U^^ 

4x4 * O-X X o . 

1 n_ • IQ X2I »2. 

mxOio m -— — a . 
20x20 

Termino igitur quovis hujus feriei diSo B, ter- 



r* — I 



minus fubfequens erit B^* K — t— • et manente de- 

inceps eodem, quem in hoc termino habet, numeri r 

*.» . » 

valore, termini fuhfequentes erunt, B^* x* 



«t^ 



^ r+i2i ^ 

r+4i —I — ^ I ^ ^^^ ^j. fi fiierit r 



^> 41 ^BUi^ ^! !•. L^ ._u .' "• ^^^'^mimmm ^^^^^^^ »^ fWBPiPi^i ■■■■ ' ■■■■ 



Humerus 
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r- . — t . r+ 4.V 



iiumeras aliquantum magotts, erit — ^-; — x 






I . r* — I r+Al"— -I r+ '* — I 



r* 



V>^t--r-X ■■■ --., X 



H7' y** r-Kv' r+n^ 



I I 



fraftiones hujus generis — =r ^^ alias his minores. 

Unde termini omnes prasdidi, incipiendo a ter- 
tnino B, erunt 



BP B^* Bi^ Bi' c B ^^ 



b^ 



r^ r* r^ r* ' r^ '^i-/^* 

B^^ Bb^ Bb' ^ B ^^ 



r+4*^ r-H?* T+P'' M-4I* i-^ 

B^^ B^« At _ _? ^^ 



Bi^ . B b^ 






ac proinde tandem fit 



3x5 z* I 3>iS..L>^A4 I 3x5 .. 7x9 

B 



•^-^^+4x4^ ^--4x4^8x8 "4x4^8x8 



M X n 76 '?XS ^5X17/0, « I -o 

b"- b"" b"" b"^ b'"" 

r r+^^ r+bl^ rTT^l^ r+TD 

Unde fi, computatis, exempli gratia, decern ter- 
minis, undecimus delignetur per B, erit r = 10 X'4 
= 40^ ct fumma illorum decern terminorum addita 

ilimmsa 
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I II IIIII W l l l li l l li l lK 



valorem ipfias R. 

Siiiifli modo fi ift aequatldne prsedidli i — /w* cof. - i 

X cof.-i-/ 4., &c = R -}- S coC 7^ 4- T cof. -* 
-j- V cof. "f- •* +» &c. cvolvantur quandtates cof. - f * 



cof.-r, cof.-i , ^. ill &0S wlwes, proul in 
Coreil. IlL l^m* cdaantii eli rt CBllipMKir omnes 
termini qui ducuntur in cdl — s cKurget 

~ — 1^* — ^ igf X -— — X — r— ^^ -~ ^ X 



24 a 

^—,2^^^ — 3 iw-*— 4'ft ■. <»■ — !■ ^— -a 

x__x~5-^x-^ 

X-^^X-^X-^X-^^'— , &c. 
five, pofito «8 = — 4, 

^16x20 ^» "*^' 

Patet aiiitem terminum quemBbe t hqj as feriei sequari 

termino antecedenti du£to in ^ ■ ' !l!L ^ &% exiftente r 

rxr+4. 

squall numero termihoram pneeedentittm quodrt^ll- 

cato : fie terminus fextus, quia tunc r = 5 x 4 = 20, 

J eft 
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eft sequalis termino quinto 4. Tx^^ dndi^ in 

^ ^\ Quamobrem termmo quovis hujus feriei 

rxr+4 

five B I* XI -4 i=£, et mangntekm eodem vaiore 

iwmeri r, terrpini reliqui erunt, B^t x I + 



rxr+4 



r-f4Xr4-8 rXr-t-4 r+4Xr4-8 

K I + ====-*====, &c, Sed fi fuerit rnumems ali- 

r-l-5 xr-ri-ia 

^uantiim magnus, erit i 4. --1== x i 4- ===r^=== 

• rxr+4 r-j-4Xr+8 

2-- I ,1 ^— r- J- 5---2E=-^^r==-=-=r quamproxime, et 

r X r4"4 rHh4Xr + 8 ^ 



I ^ ■! ' irLii . X I •]-• :"" '■ " • X I 4* 



rxr4'4 r-f4Xr4-8 r+8xr+i2 

I 4 -4= 4 .^^ __ 4 __ 3,_ , &c. Unde 

rxr + 4 r + 4Xr+8 ■ r-f-Bxr+ia 

termini onjnes praediili incipientes a ternaino B erunt 
B+ Bi* + B** + pi« 4. BP +5&C.S- 



i-^i^ 



^ 3B^* ^ gBi* , 38^*^ 3B*« . , 3B 



jr^r+4 rxr+4 rXr+4 rXr-t-4 r>5r+4 i— * 

SBb* . 3B** 3B*' , 3B B* 



«JL «■ ! « i ■ ■■» i l ■ I ■■■ ■ !■ 4* M 'l I 'll" " ■ " ■ ! — »*j« —■' ■■" II " "■■ » ' ■-■■" a'"". ' " * -I-- »02C» M I g -I' l l I II ' ■■" I " - ti ll M i l III y 



r+4Xr+8 r4-4Xr4-8 r4-4Xr4-8 r-f4Xr+8 *"~^ 

3B^« 3B^^ ^ 3B ^« 



r+8Xr+xa r-t-6Xr-t-iz r-|-8xr+i2 I'-i^ 

r+i2^r-fi6 r-|-i2^r4.i6 *""^ 
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Ac proinde erit 

■i iii n II I . t » ,. * m mimmimmmmmmmimim iiai— — IK m 1 i k umi iiii 

3^* ^^* ifA^ 3^ 

Ml + --~s=:+rr^==='''^ 1-5==;: — -^ -^ +^=: — : .r.s -|">&g«' 

Itaque fi, computatis, exempli gratia, quindecim ter- 
minis, decirtius fextus defignetur per B, erit rtz: 1 5 x 4 
=:^o, ct fumma terminorum quindecim iUorum addita 

fummae feriei — r^x i + 4^ j — S — r ^4-, &€• 

i-^ rxr+4 r+4Xr+8 

dabit valorem coeflcientis S. 

Delerrainalis hoG pa<5k) quantitatibus afTumptis R, S, 
T, &c. jam lit gd expr^fficmes virium revertanaiir, vis 

T R ad radium QJ^ perpendicularis erat -^ ^ — ^ 
X fin. QSP 5 fed poMmus angulum QSP = i-r, 
eftque-j=-^ in R -j- S cof. —s ^TcoC — s-^V 
cof. ^s 4- W ccr£ -^^ 4-f &c. 

Undo vis T R = *-r i« R .^ — .--^ — X fin. — 1 



. s— y^ 2 . T— w. 3 , v~x^ 4 

' a n V 2 II • 2 « 

•• |""f OvV» 

Et vis qiiae planetam QjdnBrahit a Sole in dire^tione 
ra:dii QS erat ^ x k cofi Q^P — i — ^ cof. QS.P, 



Ammmim 



9 . iS ^ . r^ . kT t 



xcojC 
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X cor. i . + '-iiiliiil X cof. ix + iliiS^zii: 

cof.— ^4- col. •ji-J', &c. Q^E. I. 

Profositio H. Problema. 

inaequalitates motus planets interioris ex viribus prae^ 

didis ortas inveftigare, 

Exeant fimul pianefae P, Q^ 
(Fig. 2,) de locis D, C, ubi 
jacebant in eMem redS cum 
Sole pofito in S, et poft ali- 
quod temporis fpatium reperi- 
antur in P et Q, et jungan- 
turSP, SQ, PQ^EftoCS ^ 
= I, et arcus circularis CQ^ 
five angulus CSQ^==^i de- 
notent praetere^ P et Qj;e- 
Ipedlive tempora periodica pla- p 
netarum P et Q_, eritque 
ang. CtSC : ang. PSD::P 
: (^, adeoque angulus QS P : ang. QSG : : P — Qj 

I P 

« P, unde ang. QSP = -^^^ pofito n =ss p*zr5** 

Vis attradionis Solis ad diftantiam Q^, et tempus 
quo corpus, eddem vi uniforniiter agente, impulfum 
acquirerc poffet cam velocitatem, qua planeta Q^n 
circulo C Q^revolvitur, turn ilia ipfa velocitas, ex- 
ponantur figillatim per unitatem \ et fi, fiimpto arcu 
CH=CS = i, CH exprimat tempus illud uni- 
tati aequale, arcus quilibet quam minimus Q,f ex- 
primet tempus quo uniformi illd velocitate defcribitur. 
Vol. LII. Q_q Unde, 
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Unde, cum velocitates viribus quibufvis conftantibus 
genital fint iit ipfae vires et tempora, quibus hx velo- 
citates generantur, conjundim ; erit veloeitas i pia- 
netae QjP circulo CQjrevolventis ad incrementum vel 
decrementum velocitatis vi Z genitum (fcripto nempe 
Z pro vi planetSB P normaliter ad radium QS^ agente, 
prout eft in propofitione praecedente definita) quo tem- 
pore planeta Qjdefcribit arcum quam minimum Q^, 
ut vis attradionis Solis i dufta in tempus CH five i, 
ad vim Z du^tam in tempus defcriptionis arcus Q f 
five in ipfiim in arcum Q^: adeoque incrementum 
vel decrementum velocitatis vi Z genitum, quo tem- 
pore defcribitur arcus Qj', exprimetur per Z x^Qj 
five Zxi. 

Eft autem Z =^ in R — 4- — — X fi^n. — x 

4- """T fi^- "T-^ + "~r — fin. ~s 4-, &c. et hac 

quantitate dxxM in i, tum fiimpta fluente, prodit ve- 
locitatis accceleratio five retardatio, quam voco U, 
genita quo tempore defcribitur a planeta Q^rcus CQ, 

sequalis -^ m R— -p^ — — X fin. verC — ^ -J 

fin. verf. — ^ 4 ~ — fin. verf. — i 4- ^ "- 

» • 6 « « d 

fin. verf. -J J 4-> ^'^v ^v^ pofito -6 == R ~ 75- — -r 

S--V , T--W , V - X , . -' fin, 

-f- — — -f- — -g \- — ^ — • 4-, &c. U = -p- 

Jn ^ — R — . — — — X cof. —5 ^^^^^^ — cof. — J 

«* 2 « 4 « 



-— r COL — ^ — ^^ — cof. —S —J &C, 



Hoe 
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Hoc pado obtlnetur variatio velocltatis in hypothefi 
quod revolvatur planeta Q^femper ad eanidem di- 
ftantiam a Sole, quod in praecedenti calculo fupponi 
poteft, cum tantillum varietur diftantia S Q^adione 
planete P. 

Hoc fado, ut inveftigetur va- 
riatio diftantiae planetae Q^ Sole, 
fingamus planetam defcripfiffe, 
non arcum circularem CQ^, 
fed arcum curvae Cr (Fig. 3.) 
ct reperiri in pundto r ubi ra- 
dius SQjprodudtus fecat cur- 
vam. 

Ducatur redla S t viciniffima "^ 

ipfi SQ^occurrens circulo et Fig. 3 
curvae q ^t, t\ turn centro S et 
radio S r defcribatur areas rp^ 
fitque S r = AT. Si planeta Q^rgeretur fold vi ten- 
dente ad centrum S, deicriberet areas temporibus 
proportionales, atque ade6, dira ipfius velocitas an- 
gularis in loco C fupponatur eflb i, in loco r foret 

aequalis — \ fed in illo quern exhibet fchema fitu pla- 

netarum minuitur haec velocitas quantitate U fopr^ 

definita, unde velocitas angularis in loco r erit — ^Uj 

et tempus, quo defcriberetur arcus Q^gf velocitatc f , 
eft ad tempus quo defcribitur arcus rp velocitatc 

— — U, ut Qq ad — - — J hoc eft, ut i ad — — — ; 

X X 

ntiiiey cum i expriraat ex jam didis tempus de- 
icriptionis arcifts Q^^^ velocitatc i, exprimet quan- 

Q q 2 titas 
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tj^^g tempus quo defcribitur arcus rp velocitate. 

i— U 

~ — tJ. His pofitls^ quoniam planelas Q^eceflus 

I centro vel ad idem acceflus pendet ex differentia 
virium, centrifugae fcilicet et ceiitripetaB, quibus urge- 
tur in 0^5 fi haec differentia virium dicatur P, et v 
dtnot^t velocitatem afcenfus vel defcenfus pknetae 
QjfecuHdttiii radium SQ^, per idem plane ratioci- 
Blum, quod tmx uiurpavimus in inveftigatione velo- 

• 

eitarfs U, habebitur t; = iP v 



i--_U 




uoBiam exhypotbfefi plmetA Q_^ , fepo£tl adlione 
planetae P, defcriberefe -cifculuto, vires (centripeta e(r 
centrifuga) fibi invieem eit onilati Foreflt asquales : 
€xiftente mum ^anet^ QJin n ipfius attraaio in 

Solem eft ^, ex qua auferenda eft vis ea qua juxta 

pK^jStfonera pKEcedentem diftralutur k Sole, jiimi- 

^ itt A 4. B ccf. ^s 4. C eof. -s 4- D cof. ^s 

4- E cof. ± s -f, &c. pofitis A = Y — R» B = 
^R4^_.J_S, C == 11+4=31, D == 

2 > Jci = — — ^— , Sec, atque ha* 

rum virium dHiereBtia componk vim centripetamv 

Vis autem centrifuga eft femper in ratione duplt- 
cafa areas temperis momento defcript^ direae et tri* 
plieati diftantiaB inverse j unde fi haec vis fuerit aequalis 
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i;^ ubi incepit planeta movere in C, erit SBqualis 

7-"" —4^ ^ ^ ^ —r- 1^ 

^^ X U* X ^ s: — X -^ — U' ubi movettir in n 



.y X^ S^ X 



Differentia igitur inter vim ceatrifugam et centri* 
petam, qua urgetur planeta in r fupm deiignata 

per P, eft J- x -^ — U' — -L.^ ±^ 

mmmmamm^mmmmmmii im mmumim fimmfmimmmmmmmmiiimmmmmm 1 h iiiii b i ■ i m ■ ■ ■■ ■■■»iM»»i»MM«««»M»MiMM«ii»ii<«»i m 1 I ——— »—■<■». 

xA4-Bcof.— i + Ccof.-^^ 4-Dcof*~^ 4-, &0* 
hincque habetur v/=is%- U — - " y'^ ■-: 4- -r 



scs 



^X — — U 

mmmmmmmmmmHimm^ 



X 1 X A 4. B cof. — ^ 4- C cof. — ^ 4-. &c- 

JL TT ^ ' « I ^ ' 



X 



Vires, quibus perturbatur motus planetas Q^, cum 
exprimantur feriebus quorum termini ducuntur m 

finum vel cofinum anguli — j, vel anguli liujus mu^ 

tiplicis, fingemus difFerentiam inter diftantias SQ^et 
Sr exprimi ferie fimili, ac proptere^ ponemns x = 

I ._. O 4. K cof. r*-^ 4- L cof. — ^ 4^ M cof, ^s 

4- N cof. -jx, &a exiftente Q^= K 4^ t 4- M 

4- N 4", &c. ut fit S r, five ^ =: i , ubi planets 
Q^et P incipiunt movere a linea conjunifiionis SCD* 
Qt^ntitate$ autem afiumptae K, L, M, &c. funt exi- 

gu^, ideoque erit — =14- Q^^— K cof. — ^ — I^ 

# 

cof. -—J -~- M cof. — i «-*. N cof. — ^ —, &c. quam- 

proximo 
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proxime. Subftituantur ergo in gequatlone fupra tra- 
dka valores quantitattim x, — , et U| et funipti flu- 

ente, rejedls iis terminis qui ducuntur in altiorem 
quam unam dimenlionein quantitatum p, Q^, K, 

iiwwiKiin i- ii I iiiim ■ I II • I I » 

L, &c. prodit 'U = p — — ^ -p- A •^— Q^ x 



^ f_- X — ^— 4- f X J — J X « X fin . f J 

-|- Z, defignante Z quantitatem idoneam qua com- 
pleatur fluens. At, quoniam velocitas v fupponitur 
nulla evadere, non folum ubi s^ five arcus CQ3=: o, 
id eft, ubi planetae verfantur in primi ilia conjunftione, 
fed etiam in omnibus aliis conjunftionibus fubfequen- 

tibus, hoc eft, ubi eft angulus —s, feu PSQ^^iro, 

vdl =: r X 1 8o% fcripto fcilicet r pro quovis ex 
numeris naturaiibus i, 2, 3, 4, &c, fiet.Z = 

~r— — -7- A — Qj< ^ adeoque 



-^=^xR~J-^J + fB-~Kx/ixfin,^^ 



1^ 

" ' 



+ V- X -7- + IT X X « X fin. - 



^kn S — V , <P C 


L 

2 



s 



^ JL__ X — 1- -J. X J— J X « X fin. -f 



[ 3^3 ] 



•■•MMiMaaaMwmqwi 



, ipitt V — X , <P E N, ^ J, 4. 

+ V X -TT- 4- -X 7 —7 X a X fin. ~i 

Deinde, cum fit tp^ five ;i ad rp, five A?i, ut ve- 
locitas V qua defcribitur fp ad vclocitatem U 



xs 



qua defcribitur rj&, erit x=:.vx -> five, quia va- 



X 



lor velocitatis v componitur ex quantitatibus exiguls, 
X' = V s quamproxime, et 4- = v. Verum etiaoi 

sequatio aflumpta x =z i — Q_-|- K cof, —s^h 
cof. -^^ 4- M cof, —s -K &c. dat ^ = — K x — 
fm. I^— L X - fin. i.y — M X -^ fin. -^ j — N 

w n n u n 

H -^ fin. —Si &cc^ 

n « 

Habitis igitur duobus velocitatis v valoribus, co- 
rum termini homologi fi:atuantur aequales, atque 
inde obtinebuntur quantitates aflumptse, nempe 



«MINIM|IHWMWmiNMaM«M«MM 

.a 



P n JT% 2t^ 



K = ^X;rr7X2/IR~^X^+i-^Tx^-4:-S 



(f> n 



a 



.TJX*^ — :X^Sx«+ I — kV'X.n — i-aT 
M=pX;:^xiTx«-l-i-"^Wxi^^^~3V 

^ I. . . ... .. I... .. M. I f . ^ !■ ii > » ' ■■ ■ ' ' '■ ■ — 

N==:-.X-T^X/^Vx^ + 2---ilXXs^--2 — 4W 

indeque manifefta fit harum quantitatum progreflio : 

^ atquc 
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atque hoc pado habetur femper diftantia x planetae 
Q^a Sole. 

Jam ut definiatur planetse Qjrnotus verus qui de- 
fignatur per x, dicatur w motus medius, live, quod 
perinde eft, tempus quo planeta defcripferit arcum 
quemlibet C r i atque ex demoniftratis t^ w z=: 



X s 



5 unde, fubflitutis valoribus quantitatum, x^ 

i — u 



X 

I 

X 



, et U, et fumpta fluente, emergit 



mmmmmfm 






I , -. (pkn 



X fin. ~s 4- nh — -rr^ X ^ — V x fin. — i 

ft 

,Q .3- X T— W X fin. -^$ 



JL iH _ iifl X V — X X fin. ^^ 4-, &c. 4- z 

denotante Z quantltatem idoneam ut compleatur 
fiuens. Sed, quia motus verus medio ^qualis evadere 
fijpponitur in qualibet planetarum P et Q£onjundione 

cum Sole, id eft, ubi angulus P S QjTive ~ s aequatur, 

vel nihilo, vel angulo rx 180'', exhibente r quemvis 
ex numeris naturalibus 1, 2, 3, 4, &c. erit Z =: 

2 (I7— ^-T~ X u Ponantur igitur F =: ~ 2 fiK + — r- 

^R_£_l, G = — «l + ^xs=t; 

e= — _^-^^xT— w, 1 = — r+F? 

X 



t 3^5 ] 

4* V — X, &c. eritque motus vcrus, five s :::z w 
+ F fin. -5 4- G X fin. ~x 4- H X fin. ^s 4- I 

xfin. ~i4", &c. vel^ quia parum admodi&m differt 

motus verus a motu medio i =: w -J- F X fin. — 1& 



n 



-f-Gxfin. — 'ie;^Hxfin. — w 4" I X fin. — w 4^, 
&c. (^ E. L 

C O R O L L. I. 

His ita generatim definitis, ut Ipecialls eliciatur in 
motu cujufpiam planetae inaqualitatum metofiira, de-* 
terminandae fiint quantitates afllimptse. 

Itaque planeta P defignet Terram, planeta Q^Ve- 
neremj et quoni^a eft diftantia Terras ad diftantiam 
Veneris a Sole ut looooo ad 72^^333, haec erit ratio 
k ad I, adeoque k =: J:^^^,:^.^.^ kk J^ i zsz tt z:sz 

2.9 1 J 29, bzzz-^ —^0,94975 ; atquc inde-per mr* 

thodum in Prop. I*, expofitam prodibunt 

R =1:9.3925 V=: 1 1. 1964 Y=: 5.3380 

S = 16.6782 W = 8.8504 Z = 4.102^ 

T =: 13.8877 X z=z 6.9045 &c. 

Turn, exiftente periodo Terrae annud dierurn 
365.2565, et periodo Veneris dierum 224.701, eft 

ex jam di<f5:is ^ =2 , \ '^ ■ =2.cq866s 

3^5«2565 —• 224.701 ^^ 

et cum gravitas in Solem fit juxta Newtotmm ad gra- 
vitatem in Terram, paiibue diftamiis, ut i ad .j-^^^-^f-^^i 
erit (p =: ^^^^-g.^. 
Vol. LIl. Rr Undc 
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Unde, redaiflis in numeros formuHs la hac propo- 
iitione datis, emergunt 

K = 0.0000103 N = — 0.0000065 
L = 0.0000444 = — 0.0000024 
M =: 0.0000377 O^ =z — o.oooooii, 6cc* 

Atque €x his tandem deducuntur 

F = — - 0.0000473 I =: 0.0000 1 00 
G = — - 0.0001078 r z= 0.0000033 
H =: — 0.0000684 &c. 

Hinc ergo habentiar valores coefficientium ^qua- 
tionis s z=z w 4- F X fin. ~w '4- G xGin. — w ^ H 

xfin. —w 4-> &c. ubi s denotat motum Veneris 

verum, w motura medium, tt—w angulum FSQ^ 

five difFerentiam longitudinum heliocentricarum Terrae 
et Veneris 5 vel, redudis quantitatibus F, G, H, &c. 
ad exprimendas more aftronomico circuli partes, fit 

J r=: ^ -— 9'^76 X fin. — w — 22^^24 x fia 

4- i^'.ii X fin.— m 4- 2^^-06 X fin. — ^ + 0^68 

X fin. — w 4-, &c. 

Ut exemplum apponam, efto angulus PSQ^fivc 

—w = 40% ac prodibit ^ =: *re? — ^S^^'-Ss motus 

igitur medius fiiperat verum, eorumque diiFerentia 
eft i5^^5. 

Computata hoc pado differentia inter motum Ve- 
jneris verum et medium refpedu Solis, fequenti modo 
innotefcet quanta evadat cum e Terra fpedatur. Efta 

FSCL 



2 

n 



PS Q^ (Fig, 4.) angulus exhi- 
bens, ut prius, differentiam 
longitudinum planetarum P et 
Qjempore quovis dato, et in 
circulo RQ^exhibente porti- 
onem orbitae planetae Q^, fu- 
matur arcus (XjJ aequalis dif- 
ferentiae motuum praedidae, et 
duftis Sy, P^, centre P et ra- 
dio Py defcribatur arcus qr fe- 
cans PQ^in r, atque, ob par- 
vitatem arcuum Q^q^ qr^ erit 
Q^ .: qr :: rad. : fin. PQ.a; 

deinde ~=| : ^ : : ang. QJ f : ang. QP f % adeoque 

rad. fin. PC) ^ ^^ f\ ^^ t^ 

^^ -- ang. QSj- : ang, QPj^, 







Cts • PCL *' ""^* '"^^if • **"&* ^<^ !f> unde 

^^g- QP? = ang. QS 5^ X ^ X ~;^' Datis 

igitur angulo PSQ^et diftantiis PS^ QS, dabitur di- 
ilantia PQ, et angulus PQS, adeoque et angulus 
PQ^^* : unde innotefcet angulus quaefitus QP/, hoc eft 
sequatio motus, prout apparet fpeftatori in centro Terr^ 
locatQ. Hincque, quamvis fit modica motus Veneris 
insequalitas teliuris adione gcnita^ qualis tamen fit ut 
pateat, libet earn in fequenti tabula oculis fiibjicere. 

Hujus tabulae columna prima exhibet angulum QPS, 
five elongationem Veneris a Sole mediam j fecunda in- 
dicat corredionem hujus elongationis, a conjunftione 
Veneris inferiore ufque ad maximam ejus elongationem 
quag in orbe circular! eft 46° 19^ 50^^^ circiter. Tertia 
et quanta columna eodem modo exhibent elongationem 
Veneris, ejufque corredionem, a tempore elongationis 
maxima^ ufque ad conjundionem fiiperiorem. 

R r 2 Elonga- 
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Es^mpU gratis, fi Venus I cojiiunftione inferiore 
^greffa motu fuo medio difcefferit I Sole angulo elon- 
g^tionis 40% erit vera Veneris elongatio 40'' — 2''.9 
= 39^ 59^ 57'''^ • pariter, fi ulterius delate Venus 
pervenerit ad eamdem eiongationem 40% erit tunc ver^ 
Veneris elongatio 40*^ o' 9 .5. Eaedem omnin6 funt 
correaiones et cum iifdem fignis adhibendse, ubi poft 
conjunftionem fuperiorem eaedena eveniunt elpng^* 
tlones* 

C o R o L L. II. 

Ex jM-aecedentibus etiam deducitur diftantta Veneris 
a Sole pro quolibet ejus cum Terra et Sole afpeftu,. 

5 ^^ 
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in hypothefi quod, feclufd Terr^ attraftionc, in or- 
bita circolari revolveret. Sic, ft angulus — j, feu 

PS QJit 90% vel 276^ aequatio ;^r=: i ^ Q + K co£ —s 

4- L cof. — J -t- M co£ — i 4- N cof. — i 4-> &c. fit 
AT = 0.9999437 circiterj et fi fit PSQj= i8o^ fit 

AT = 1.0000607. 

Unde, fi diftantia Veneris a Sole in con- 1 
junaione inferiore ponatur - - - J ^^^^ ^^^ 

In quadraturis cum Terrd erit ipfius di- 1 

ftantia «-- -••--. j 9999437 

In conjun£tione fuperiore erit - - - 10000607 

Item innotefcit differentia inter tempus periodicum 
Veneris, quale nunc eft, et tempus iliud periodicum, 
quale foret, fi unica Solis attradiione in orbe circular* 
moveretur. Siquidem, cum Venus poft difcefilim 
fuum k conjundtione ad eamdem redierit, aquatic ge^ 
neralis in propofitione tradita, quae exprimit relati- 
onem inter motum Veneris verum et medium, evadit 

tc; =3 I — 20^+ "^'X«y, fiw w =z 1.0000066 X 5 

circiter : unde tempus periodicum Veneris eft ad tem- 
pus illud alterum periodicum, ut 1.0000066 ad i; 
adeoque, fi nulla foret gravitatio Veneris in Terram, 
revoluticjn^m fuam circa Sd^W minulil duobus hoiae 
pjimis citius peragcreti 
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Propositio ni. Problema, 

In fyftemate duorum planetarum in orbitis circulari- 
bus circa Solem revolventium, motum nodorum 
orbitae planetae interioris, quatenus ex vi planet® 
cxterioris oritur, inveftigare. 

Per motum nodorum Wc intelligendus eft motus 
interfedionis plani orbis planetse interioris cum piano 
orbis planetae exterioris fpedato ut immoto, Itaquc 
efto Sol in S (Fig. 5.) et centro S atque radio SQ^e- 




iW 




fcribantur in fuperficie fphmm duo circuli QN, PN, 
fefe interfecantes in N, quorum prior QN defignet 
fitum plani orbis planetae interioris Q^, et pofterior 
PN fitum plani orbis planetae exterioris, eujus locus 
fit in refta S P produd:^. Eodem centro S et radio 
SP defcribatur circulus PK, cuius planum fit piano 

SQN 
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S QJ^T perpcndlculare, fecetque circulum QN in K, 
cr in SK dcmittatur perpendiculum PH : turn duAk 
QT parallcla redtse SP et TB in planum SQN nor- 
mali, fi linea QT exhibeat vim qua trahitur planeta 
QJn diredione QT, feu SP, TB exhibebit vinm qua 
diflrahitur perpendiculariter a piano (urn orbitae j erit- 
que trian2;ulum QTB fimile triangulo SPH, atque 
adeo, TB : QT :: PH : SP :: fin, PK : i y deinde 
in triangulo fphaerico re£tangulo PKN habetuiv 
I : fin. PN :: fin. PNK : fin, PK j unde, conjunftls 
rationibus, et Icripto c pro finu anguli PNK ad ra^ 
dium I, hoc eft^ pro finu inclinationis orbis QN ad 
orbem PN, provenit TB = QJ X c X fin. PN. 
Samatur jam arcus quam minimus Qj?y ^^ quern 
erigitur lineola perpendicularis^r, a&qualis duplo fpatio 
quod planeta Q^percurrere poffet impeliente vi TB 
quo tempore in orbe fuo defcriberet arcum ilium Q^^, 
et centro S defcriptus circulus r Q« fecans circulum 
P*N in n exhibebit fitum orbis plaaetas Q^poft tern- 
pus illud, nodo N tranflato in n *, atque in QN de- 
miflb perpendiculo n m, et in S q perpendiculo Qj, 
erit angulus g Q^, five N Q^ ad duplum angulum 
f Oil 1^ ^^> ^d angulum QS^, ut vis TB ad gra- 
vitatem (nempe i) planetae Q^in Solem; hoc eft, 

? — ON • Qf •• TB : I ; in triangulo autem redan- 
gulo Nmn, c(bNninm : : 1:^5 quare conjundis his 

*.• •!. J*.. XT T B X fin. ON X Qg - , 

rationibus, prodit Nn = — - ■ ^" | fed 

fupra invenimus TB = QTx^Xfin. PN, unde fit 

N;? == QT X fin. PNx fin. QNx Qf 

Efto SC linea conjundionis planetarum, fiatque, ut 
in propofitione praecedente, arcus CQ=:i, Qf = i, 
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SQ rr: I s et, quia inclinatio orbis QN ad orbem P N 
exigua fupponitur, erit etiam hic ang. P S Qj= — s 
quamproxime; proindeque, pofito arcu C N = ^, erit 

QN zszs -{-act PN == 5 ~- — 5 -f- ^ quamproxime, 

Porro, C3um lentiffime moveantur nodi, arcus C N 
ipecftari poteft quafi invariabiiis per multarum planet® 
Qjrevolutionum feriem, atque adeo fluxio arcus QN 
©adem erk cum fluxione arcus QC, His pofitis, ha- 

bebitur fin* PN X fin. QN =: 4 cof. —s — 4. cof. 
zs'-^'^s J^ za^ eftque per propofitionem primam 
QT =: ^ — prsz-^ in R — -^ ^o cof. ~i -f- '^ 

cof. ~5 4- V cof. —X J- W cof. —^4-, &c. unde 

fubfl:itutis his valoribus in ^quatione N^ =: QJT 
X fin. PN X fin. QN X Qf, et furapta fluente per 
methodum in Coroll. IV. lemmatis edodam, pro- 
dibit fumma omnium *N ^, five motus nodi, quo 
tempore planeta Q^a loco conjunftionis C procedens 

In orbe fuo defcripferit arcum CQ, aequalis -r— ^^ 
S . r /3 ■ ^ . I . S + V . 2 



■^s J- R --—-— 4- *— X fin. — i4 fi^* —s 

4 g: — fin. ~ i 4^, &c. 4* ^r i^ Z x fin. 2 ^ 

I ^ 2 ■ T 



fin, aj + 2 tf •— ■- X —— -— jSn. 2 i --- — ^ 4- 2 ^ 

X 



|i3 J 



2 T I 

fin. 2i—»~i 0- 2^~* — -X r— fiiti 



2« — 3 » ^ 2 2»+ I 



2^ 4- — s 4- a^'^' — X "" ■ ■ fin. 2j-~— i 4- a^a: 



!«■«•■ 



^.^ _ )( — ^ — fin. a^ 4- —J 4- 2^, &€• exifteate 

Z = .2 ^ -— I in R ""^ "Tj- X ■n..,?"::':^.-"." r - ■*!- ■': ,'V ' ■" - 

^ a « — ir 2 « — 2 + 2 « 

T V W 

'' «■■■■■■■■■■«■■■■■ ' -atMiMiiiMMtawnM I ' 



2« — 3X2«+I 2« — ^^4X2«+2 2«— 5X2W + 3 

4-, &c. atqcie in his feriebiis patet terminorum jpr©* 
greffio. C^E* !• 

GoRoxx. I. 

Hie liquet multas orirl in motu nodorlini aequati- 
onesj fed quia minutae funt, et locum planetae Q/ere 
nihil mutajtit, iileoXatis erk rationem habere motus 
nodorum medii et aequatioriis £o\im periodica^ qui fie 
ex praecedentibus deducuntur* Cum in planis parum 
ad fe inclinatis moveri fupponantur planet© P et Q, 
quotiesxe^irertentur ad conjunxaionem, angulus PSQ, 

five i,, ,,ui mcdtur eorum dilhntiam i fe invicem, 

cvadet =: 360'' vel =: rx 360% exiftente r numeto 
integro: etquia, fumpto arcu quolibet A, eft femper 
fin, rx 360'' 4- A =: fin. A^ hinc, fi computatur 
motus nodi pro tempore conjundionum, expreflio 
ilia generali^ et prolixa in propofitione tradita in hanc 



■tHMp* 



fimplicem abit j^ x -i — nZ% fin. zsj^ 2 a — fin. za^ 
iive pec Coroll. I. lemmatis 



T'< "" ii H 



L'-Q ' 

^X -■ s — 2 «Z X fin. f X cof. s 4- 2^, 

VoL.LII. S^ HIc 
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Hic eft igitur metus nodorum fadus, quo tempore 
planetae P et C^a conjunftione proved! poft quotlibet- 
cunque revolution's ad conjundionem quamvis aliara 
pervenerint, exhibente s arcum a planeta Qjn fua or- 

bita interea defcrlptum. Terminus --^ X 2 /2Z x fin. x 

X cof. s 4" 2^ indicat ^qu2Ltionem penodkam et fa- 
cillime computatur : cumque haec aequatio modo fit 

additiva^ modo fubtradiva, patet termipo altero —3 x - i? 
cxprimi generatim motum nodi medium. 

COROLL. 11. 

Efto planeta P Terra, QJVenus, et revolutlonem 
Veneris ab una conjun€tione infcriore cum Terra ad 
alteram vocemus, brevitatis gratid, revolutionemj^v^^ 
edicami eritqua pott unam revolutionem fynodicam 

--I ::^ 360% prolndeque x =^x 360*^ =:: 935'' 31''; 

hie igityr eft arcus defcriptus a Venere inter duas 
ejufdem generis conjunftiones. Hinc motus nodi 
medius tempore revolutiohis unius fynodicae, qui juxta 

corollarium praecedens eft — j-s fit — -^ =z 360"" =t: 

23''^o87 ; atque hie motus imminutus in ratione tern- 
poris periodici Terrae circa Solem ad revolutionem 
Veneris fynodicam, id eft, in ratione i ad n — 1^ 
eradit i4''^44, motus fcilicet annuus nodorum Ve- 
neris regrefi^ivus, qui fpatio centum annorum fit 
24^ 4'^ 

jEquatio periodica —3— x fin. 5 X cof. s 4- 2^ ut 

adhuc fimplicior evadat, ponamus arcum a five CN 

perexiguum 

5 
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perexigi5umei& vel nulluin, id eft, fuppon^mus con- 
jundionem Terras et Veneris fieri proxime in nodo, 
quemadmodum contingit hoc anno 1761, eritque 

asquatio periodica — ^^ X fm. . X cof. s =: -j^ 
X fin. 2s. Cum igitur fit Z ==1 32.33 circlter, for- 

mula — ^s — — j~ fin, 2 x, quas per corollarium pra5- 

cedens exprimit generatlm motura nodi in quali- 
bet ferie revolutionum fynodicarum confe€lum, fit 
C.000006855 X I — I4'^2 X fin. zs. JEquatio igitur 
periodica 14^2 X fin. 2^, quam generakm voco^ eft 
lit finus dupli arcus a Venere defcripti in data ferie re- 
volutionum iynodicarum, nee ultra 14^^ 2 afcendit 
Jam, fi pro s fubflituatur 935^ 31% ^nt fin. 21 =: 
fin. 71° 2^, et regredientur nodi, in prima revolutione 
fynodicd poft conjundlionem fadam in nodo, per ar- 
cum 23''^ — 14^^2 X fin. 71'' 2^ = 10^^ : et, fi r de- 
Botet numerum quemcumque revolutionum fynodi*- 
carum, motus nodi, peraftis illis revoiutionibus, erit 
r X 23^ — i4^^a X fin. rXjfz'i pariterqye, per- 
adis revolutionibus quarum numerus eft r — i, idem 

iBotus erit r -~ i X 23^^ — i4^^2 X fin. r — i 
X 71*" 2^ 5 ppfterior motus ex priore auferatur, et re- 

■■■ I I T M— iw— II ii i iiiii i , 1 ■ ' ■ i i >iiiiiii« n ii i i n . ■ mw a. 

manebit 23''~i4".2xfin,rx7i°2'-fin.r— i x/f 2' 
r=23^^— i4^^2^2fin. 35^3i'xcof.rx7i^2' — 35^31' 

z=z2^^^ — i6^^5 X cof. zr — I X 35° 31' pro motu 
nodi fad:o, tempore illius revolutionis fynodicae, cujus 
locum in ferie revolutionum indicat numerus n 
Exempli gratid, fi defideretur motus nodi tempore 
revolutionis quartae fynodicae poft conjunftionem 
izQmxi in nbik>9 erit r =: 4, et regrefifus nodi erit 
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23'' — i6''^5 X cof. 7 X 35^ 31 = 29 
hujus formute 23 



// 



// 



Sic ope 



— i6^^5Xcof. 2r— - 1x35'' 31 
facile computatur fequens tabula, quae exhibet re- 
greirum nodi Veneris in piano eclipticae, pro duo- 
decim figillatim revolutionibus iynodicis quae proximd 
fequuntur conjundionem Terras et Veneris fadtam in 
nodo vel proxime ad nodum. 



In re vol. 
Ven. fynod. 






4 a 

6^ 



Regrellus 
nodi Ven. 



10 
28 

39 



29 
10 

9 



In re vol. 
Ven- fynod. 



RegrelTus 
nodi Ven. 






lOf. 

I2^ 



26 

39 

30 



n 
8 

25 



Qui motus poteft, cum libuerit, ad annos communes 
reduci. 

Denique patet aequationem periodicam, nempe 

i6^'*S X co£ 2r — 1 X35°3i^ quamj(^^^/W<^^ ap- 
pello, ubi maxima eft, evadere 16^%-^ ac proinde re- 
greffum nodi in una revolutione fynodica nufquam 
fuperare 39''''4., nee minorem efle 6^^^, 
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Propositio IV. Problema. 

lifdem pofitis, variationem inclinationis orbis planete 
interidris ad planum orbis planetae exterioris deter- 
minare* 

Efto NQV (Fig. 5.) quadrans circuli, cui erigatur 
perpendicularis Yt occurrens arcui n Qr produfto in 
/> eritque V/ menfura variationis inclinationis orbis 
NQV faftas quo tempore nodus N transfertur in n. 
Eft aut€m Y.t : nm: : iih. QV five coC QN : fin. QN, 
atque 7tm : N;2 :\ c : i, c denotante fihum inclina- 
tionis orbis QN ad orbem PN, adeoque Yt : N;^ : : c 

X cof. QN : fin. QN ; unde V/ = N;^ x - ' y^^^^' ^- ^ 

five;, quia per propofitionem fiiperiorem habetur N// 
= QT X fin. P N X fin. QN x Qy, Yt — c% QT 
X fin, PN X cof. QN X Q5^. Hinc, cum fit. fin. PN 



i . . /• I 



X cofi Q^ = i fin. zs — - J + 2.a ~ 4. fin.^j, 

fiimpta fluente prodit variatio inclinationis, quo tem- 
pore planeta QJ^ loco conjunftionis G movetur per ar- 

cum CQ, ^qualis -^ ""^^^^ ^ — "^ — — X fin. verfi 
_j 4- — iia. verl. —s 4 r — • fin. verl. —$ 

4- — Y — ^^' ^^^^' ~^ ^^ ^C- H ^JT" i^ — " z 

Xfin. verf. 2^ + R — ttX fin. verf. 2s — s^za 

+ r X — fin. verfi 2i + 2^ 4- - x fin. verf* 

2i 
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2 . 1^1 



21— —^4- 2^4--r X — — -fin. verf. 2i4-— i + 2^ 
jL _^_--, — fin. verf, 25 — -^4-2^ 4- — X-— r-^ 



l«l » «« H I H I 



2 V I 

fin. verf. 2^4 s 4- 2a 4 x z ~~ ^i^> ^^^^* 

aj,.^!^ 4- 2^ 4- — X — 7^ fin. verf. 2^4- -s 4-- 2^ 

K I 12 2/2 + 3 * n * 

jL._X- -fin. verf. 2i-~-i4- 2^3^, &c. 

Exifl:ente hic eodem valore quantitatis Z ac in propo- 
litione praecedente. Q^ E. I. 

G o R o L L. 

Si comptitetur variatio inclinationis pro tempore 
conjundionum, facile obtinebiturj h^ec enim per 

formulam in propofitione traditam evadit "■ 3 x Z 



2f 

I —ow— w 



X fin. verf. 2s 4- 2^ — fin. verC 2 a quae item, fi 
prima conjunaionum, 4 qua fumitur motfls exordium, 

ftatuatur in nodo, fit~r x Z X fin. verf. 2 s. 

Hoc efl: igitur decrementum inclinationis orbis pla- 
net« QJaaum in qualibet ferie revoludonum ad con- 
junftionem, defignante s arcum interea a planeta circa 
Solem defcriptum. Confcratur haec inclinationis va- 
riatio cum aequatione nodi periodica eodem tempore 
genit^, prout in propofitione fuperiore definitur, et pa- 
tebit priorem efle ad pofl:eriorem ut ex fin. verf. 2 i ad 
fin. 2^. 

Ut ad orbem Veneris haec transferantur, qtiem fi in- 

clinari ad orbem Terr^ fupponatur angulo 3^ 23^ 20^^, 

erit 
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erit -—^ X Zx fin. verf. 2s = o'^84 x fin. verH 2j, 

Unde palam fit: i°. in quacumque ferie revolu- 
tionuna fynodicarum, poft conjundionem fa^tam in 
nodo, decrementum inclinationis orbitae Veneris ad 
ecHpticam non fuperare 2 x ©^^84 =: I^^68, quod e 
Terra fpe£tatum evadit 4'^4 : 2*". cum, peradll una re- 
volutlonefynodica, fit fin. verf. 2Jr:fin verf. 7^ 2^incli- 
nationis decrementum pro qualibet ferie revolutionum 
fynodicarum quarum numerus eft r, eflfe o''^84 X fin.» 
verf. r%ji'' %\ et pro ferie revolutionum quarum 

numerus eft r — • i, effe ©'^84 x fin. verf. r — i 
X 71° ^' ; unde horum decrementorum differentia 

II I ii miUM i i I wmmmmmmt' m ■ ■ ■■ ■ » i i i i» ' i W i i ii m ii m ' i i w ■ ■ i iin ii ' ■■ ■ » ■iii i i _ i' i i i mn i ' i w iii m i— —^^ 

o^^84Xfin. verf. r x/i" 2^~fin. verf. r— i xyi" % 

■I 1 1 1 I I iilIMM— ■—«■—» 

:= o''^84X2 fin. 35*" 3i^xfin. zr — i X35''3i^ =: 

o^'^pS xfin. 2r — I XJi"" 31^ exprimit variationem 
Inclinationis genitam tempore revolutionis fynodica^ 
illius, eujus locum in ferie revolatioiium denotat nu- 
merus r : atque haec variatio, ut patet, nufquara ex- 
cedit o^^gS e Sole confpefta, qusB fpeftatori in centre 
TerrsB collocato fub angulo %'% apparebit. Cum igi- 
tur tantilla fit orbits Veneris inclinationis variatio, non 
videtur operae pretium de ea ulterius exquirere. 

Demonftratis, qu^ ad perturbatbnem molds pk- 
netae interioris fpedant, fupereft ut, quibus perturba- 
tionibus afiiciatur motus planetag exterioris, viciflinn 
expendamus,. 
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Pro POSIT 10 V. Problem a. 

In fyftemate duorum pknetarum circa Solem in or- 
bibus pene circularibus revolventium, determinare 
vim planetae interioris ad perturbandum motum ex- 
terioris. 

Simili ratiocinio ei, quod in prop©fitione prima 
ufurpavimus, etiam hoc problema folvitar. Itaque 
pofita unitate pro diftantia planets. P a Sole, ubi ambo 
planetae P et Q^onjunguntur cum Sole, (Fig. i.) fiat 
SP z=:x, SCt= k, PQj=: z. Sit I ad <p *ut gra- 
vitatio planetae P in Solem in diftantld i ad ejufdem 
planetae P gravitationem in planetam Q^in eddem 

diftanti^, eritque — gravitas plaftetae P in planetam 

(Ijn diftantil PQ^ Produaa, fi opus eft, PQ^ 

ad O ut fit PO=: ^, et duftt 01 parallel^ rciftas QB 

occurrente PS produdae in I, refolvatur vis PO in 
vires PI et 01, eritque propter fimilia trianguia PQS, 

POI, vis OI =: p Q =:: ~, atque vis PI =: 

PQ = -^ five VIS P I = ^ quamproxime. v is 
OI impeliit planetam P in diredione paraileld reda^ 

S Q, et in eundem fenfum urgetur Sol vi ^ qua 
gravitat in planetam Q^ excefTu igitur fob vis prioris 
fupra pofteriorem, nempe ~ -~ ^, cenfendus eft 

urgeri planeta P in dire^tione parallel^ reftae SQ^ 

Porro 



[ 321 ] 

Porro vis -3- -~ -p ea pars, quae agit perpendiculariter 

ad radium PS, eft ^ — -|^x fin. PSQ, atque altera 
pars, quae amovet planetam P a Sole fecundum PS, eft 

n il I I ■ llil H — — » 

^ — -^ X cof. P S Q^ Auferatur haec pofterior vis 

ex vi PI, et manebit vb ^ 4-~ — ^ x cof. PSQ, 

qua planeta P urgetur verfus Solem. 

EftoDCS (Fig. a.) linea conjundtionis planetarum, 
et arcus DP, five angulus DSP vocetur i, denotent- 
que P et Qjrefpe(ftiv^ tempora periodica planetarum 

P et Q, eritque. pofito n = ^, ang. PSQ^= 
—s. Turn, fi fiat ^^ = i 4- ^4 et ^ := -r* erit uti 

in Prop. I. expofuimus, ;s^=/*x i— ^cof.-j, atque 

4==^ xR + S cof. -j+T cof. -j+V xcof. ^x+, &c. 
It lucnadmodim Ibi erat i L ^^I U. item 

aPS X S Q 

eft ^ =: Y^z — r^> adeoqjue valores quantitatutn af- 

fumptarum R, S, T, 8cc. iidem hie funt ac in pro-* 
pofitione primt. 

Unde vis ^ — ^ x fin. PSQ, qua follicitatur pla- 
neta P in diredtione ad radium P S perpendieulari, fie 

exprimetur ■—• in R — 4, x fin. ~ j -|- ~" ■ 

Vol. Lir. Tt fin. 
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un* '-•^4-"*~:; — fin. ^^ •t'-'-i: — ^^'-7^-h> &c» 

planeta P in Solem fecundum radium PS, fiet 



•-PVMMMPMPM 



•^ in R — — -i- iR J- — -^ — — S X cof. —s 

iS + /IV — 2T -. 2 iT + iW — aV ^ 3 

2 ;? 2 « 

iV-MX— 2W 4 1^ T7 T 

•— ~-.-,.„.-- — -— -^ cof. —s -4-> &c. Q. E. I. 

Profositio VI. P Hob LIMA. 

Itt^qualitates motus planctse exterioris ex viribus f^ae- 

didis ortas inveftigare. 

Per analyiim in propofitione fecunda inftitutam vis 
ad radium P S perpendicularis generabit accelerati- 
onem, vel retardation^m velocitatis, dum arcus qui- 

libet DP defcribitur a planeta P, aequalem ---5-^ 

m ^ — R -<- -Tt— . — X cof. —s — ' COL —s 

P % n 4 n 

T — W ^3 V — X .,4 ■ ^- 

,»«, cof. — ^ -— — T cof. —S — , &C. =: U 

6 n 8 n 

exiftente h =:R-— tt-— — -1 -4 z — ' 

V— X 

4" — 3 — 4"' ^^* 

Deinde fi fcribatur p pro vi \\\i planete Q^ qua 

urgetur planeta P in Solem, prout in propofitione 

praeeedente definita eft, et v pro velocitate afcerifus 

vel defcenfus planetae P fecundum radium PS, etjam 

5 fupponatur 



[ 323 } 

fupponatur SP == ^^ =: i — QJ^ K cof. —s-^L 

cof. — s ^M coH ~i 4* N cof. — ^ -|-, &c* exi- 

" fff »• 

ftente Q=i K 4- L -|- M -j- N -f-, &c. erit J -f- j> 

vis centripeta planete P^ et — - K — -|- U' 
tjufdem vis centrifuga, atque inde habebitur v =; 



I . I ji— 



I I T^^ ^S 



lit III III. Ill I ' iwinTin . 
I 



Tuni reftitutis valoribtis quantitatum U, |^r ^^ ^t 
profequendo calculum prout in Prop. II. pofitis 



■MtaMMWMpWMHMPI 



A:sK«+^^xR-|t- — ~7rX-^R-|;-S4-~ 



>j , ^in'^ r." -r/ «P» - - 



B=:Lx~-f ^XS — V — ^X/6S:f.v5V-.2T 
C=:iMx-+^xT-W-Ux/5T+^W-2V 

, i9 /9t £ *»^ » » > ■■ « i iii lO i iii i ■ '{h W ■ ■ i i im i ■■■ iM ii Min i I i w ii i i T . iiili i ii r II I nn 

OC/CJ. 
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i fa-Hri-iif . ii. i t i i » ; iiii ir ■ \,*'i« mm0»mi>immtmtmmm 



prodibit 'y=:-^xR*— -^ —p — — Qj<: * 



4- A X fin. -^ 4* ^ >^ fi^* *i^ 4* C X fill. 1^ 4" ^ 

4. 

-D rz- o ubi angulus PSQ^rss o^ vel rx i8o% expri- 
mente r unum ex numeris naturalibus i, 2, 3, 4, 



^ fin. ^i 4-j &c. 4- 2, €t fada bypothefi quod fit 



•v:"\, i 



&c. ent Z=:*— -;i"XK*-** — -~ — ;;r^ — - V4X h 

T t a ac 



[ 32+ ] 



3 



Turn, quia vis ccntripeta hic excedcrc fupponitiir 
vim centrifugam, cum contrarium fuppofitum fuerit 

in propofitione fecundl, habetur ~ ^ =: i; x 



— . -|- U 



five — ,v = vs proximc, et-*-7 = 'y = Kx^ fni. 
-s 4-Lx-fin. -5+Mx~fin*~^ -l-Nx^fin. — .« 

Unde fafla coUatlone terminorum hujus valoris 
velocitatis v cum terminis homologis valoris fupra 
invent!, emergent 

% ■l» « iiiii,.i . iii .. .iiiiiii j i i i n i I .1 I ■ lif.i.. im ii l ii Ill Iiilril i l i III1. W .II1 ■ i . ii, «i I I I I I — II llil » »i I I ' 



^ « 



L=— jpit^r— K^Sxw — I — ^Vx«4- I +2T 



?) «* 



M=--~sxp~>^/&Tx«--4. -^Wx« + .^ + 3V 

N=--— 3>c^rr75^^V^X«^ — 2 — i^Xx^^ + 2 4-4W 

&c. 

atque ita patet hujufmodi quantitatum progreflio* 
Innotefcet jgitur x, feu diftantia planetae P a Sole in 
quovis ejus cum planeta Q^afpedu. 

Ut obtineatur planeta^ P motus verus ^, defignet nu 

motum medium, et ciim fit ^ = ^^^, fubfti- 

-^ + u 

tuantur 
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:uantur valores quanlitatum x^ U, et fumpta fluentc, 
pofitis 



wtmmmtmmm 



2 



3. * I Br 



— J-. ^ ' V V <— — A 



proveniet w = i — . zQ^-^-r^ X -^ --1- F X fin. -s 

+ G X fin. — x>4- H X fin. —i 4. 1 X fin. ~s 4^ 
&c. -hZ. 

Et fadta hypothefi quod motUB verus coincidat cum 

medio ubi eft — i, feu angulus PSQ^s o, vel zzzr 

X 1 80S exhibente r quemvis ex numeris i, 2, 3, 

■• I ' , ■■ 

4, &c. erit Z = 2 Qj4- ^-rr* X ^ s ac proinde, fcriptis 

-Wy-Wy &CC.. pro,-^, r-^, &c. quia: parum admodum 
difFert motus verus a media, habetur motus verus, five 
s =zw. — Fxfin. -w — Gxfin.-'w; — Hxfin. ^'^ 

'-— I X fin. —w — , &c. Q. E. 1. 

C O R O L I*. !♦ 

Defignet jam planeta P Terram, QJfenerem, et 
quia pofuimus efife diftantiam mediocrem Terrae a 

Sole 
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Sole ad diftantiam mcdiocrem Veneris 1 Sole ut i ad 
k, erit hic k =: 0.72333, atque t = ^^ i 4- ^^ = 

i.2'?4i82. Item eft ;? = o - k" =^ -r — ^'-^ ' -" 

^^ p— -Ct 365.2565-224.701 

== 1, 59866. Quantitates 4 Rj S, T, &c. eofdem htc 
retinent valores quos habebaht in Coroll. I. Prop. IL 
Veriim, ut motuum Terreftrium accurata inftitueretur 
computatio, dignofcere necefle efTet effedus aliquos 
ab aftione Veneris provenientes, ex quibus derivare 
liceret vim attradivam iftius planetae, fed quia fpe* 
dales hujufmodi efFedtus nuUi, quantum noverimusi 
obfervationibus aftronomicis explorati habentur, prop* 
terea vim Veneris nunc conjedtura definiemus, ut 
inde inaequalitates in motu Telluris computatae, atque 
cum obfervationibus aftronomicis collatae infervire poft- 
hac poflint ad eamdem vim certiijis determinandam, 
Itaque fupponemus gravitatem in Solem efle ad gra* 
vitatem in Venerem, paribus diftantiis, ut 400000 ad 
I, hoc eft, efle (p =: ■y^-a'^.o.^.* Qui tamen valor vis 
<p fi major vel minor pofl:ea deprehenfus fuerit, in 
eSdem ratione fequentes omnes determinationes au* 
gendae funt, vel minuendae, adeoque ad juftam men- 
iuram facillime reducentur. Erunt igitur 

K =2: — 0.00000571 N =: 0.00000090 
L = 0.00001643 O == 0.00000039 

M == 0.00000259 O^ s:^ 0-00000022, &€♦ 

Indeque coUiguntur 

F iriii -*-. 0.00002459 I tr 0.00000105 

G = 0.00002795 F = 0.00000042 

H = 0.00000345 &c. 

atque redudis quantitatibus F| G, H, &c* in partem 

cireulii 
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circuli, tandem habetur sz=w -^ J^^.07 x fin. — ^ 



n 



— S^^*7^ X fin. — ^ — 0^^.71 X fin. *^w -~ o^'.aa 
X fin — *K? — , &c. ubi s denotat motum Terrae verunj, 

w motum medium, et --w angulum PSQ, five dif- 

ferentiam longitudinum heliocentricamm Terras et 
Veneris. 

Inde computatur fequens tabula exhibens aeqiia- 
tionem motiis Solis pro varia diftantia Veneris ^ Terri 
quam metitur angulus PSQ, five pro varit differentit 
longitudinum heliocentricarum Terrae et Veneris quam 
metitur arcus circuli maximi inter Terram et Venerem 
interje<9:as et fecundum feriem iignorura 1 loco Terrap 
computatus. 



Die 
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Diff. long. hel. 
Terrae et Veii. 


iF.quatio 
moi'usSolis. 


DifF. long. hel. 
Terrae et Ven. 


^quatio 
niotusSolis. 


c 

Sig. o. o 

• 10 

20 
30 


// 
— 

1.6 

2.8 

3-4 


Sig. VI. 





10 

20 
30 




2.6 
5,0 

7.0 


Sig. I. 10 
20 

30 


3-1 
2.1 

0.4 


Sig. VII. 


. 10 
20 

3<^ 


8.4 
9.1 
92 


Sig. II. 10 
20 

30 


+ 1.6 

3-« 
5.8 


Sig.VIII 


.10 
20 
30 


S.6 

.7'S 
5.8 


Sig.IIL 10 

20 

30 


7'^ 
86 

9.2 


Sig. IX. 10 
20 

30 


3-8 
1.6 

+ 0-4 


Sig. IV. 10 

20 

30 


91 

8.4 

7-0 


Sig. X. 


10 
20 

30 


2.1 

3-1 

3-4 


Sig. V. 10 
20 

30 


5-0 
2.6 

0. 


Sig. XI. 


10 
20 

30 


2.8 
0.6 



COROLI,; 
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C O R O L L, 11. 

Si tellus gravitate fud in Solem in circulo revolvi 
pofle fupponatur, adveniente Veneris aftione variari 
debere diftantiam ejus a Sole patet ex hac propofi- 

tione. Efto angulus — i, feu PS 0390% vel 270% at- 
que aequatio gencralis x=:i — Q 4- K cof. — ^ -|- L 

cof. — i 4- M cof. —s -X-y &c. in hanc abit x z= 

0.9999693; etfifitPSQr: l8o% fit xr: 1.0000053. 

Unde fi diftantia Terras a Sole, ubi ver-1 

fatur in conjundtione cum Venere, m 0000000 
ponatur -------- -J 

In quadraturis cum Venere erit ipfius di-7 z ^ 

Atque in oppofitioup - - - - - - 1 0000053 

Propositio VIL Probjlema. 

In fyftemate duorum planetarum in circulis circa 
Solem revolventium, motum nodorum orbis pla- 
n#taB exterioris in piano orbis planetae interioris in- 
vcftigare. 

Efto P locus planetae exterioris (Fig. 5.) in orBe 
fuo PN, SQ^refta conjungens Solem et planetam in^ 
teriorem, et dicatur.r finus inclinatioriis duorum or^- 
bium ad fe invicem ad radium i, atque per propofi^- 

tionem quintam eft -r ~- ^r ^^s qua planeta P amo- 

vetur ab orbe fuo fecundum diredlionem parallelam 

redlae S Q, hujufque vis ea pars quae perpendiculariter 

Vol, LIL Uu agit 
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agit in planum orbis PN, per limile ratiocinium quo 
nil fumus in Prop. HI; prodit aequalis c x fin. QN 

o i » II fc ii « I'lii H I iiM ii m 

X — — TT* ct motus interfedlionis plani orbis P N 



cum piano oxbis QN fit ^ — ^ -^ x fin. PN x fin. QN 

XVp quo tempore planeta P defcribit in orbe fuo 
arcum quam minimum Fp. 

Deinde fi defignaverit D locum planetse P ubi ver- 
fatur in conjundione cum planeta interiore, et ponan- 
tur DP = s, Fp = i, DN —a, erit PN = ^ + a^ 

QN =3^ 4" -"^ + ^ quamproxime, atque fin. PN 

X fin. QN =;:,^ cof. — ^ — -»4 cof^ 2^ -f- — ^ -^ 2^. 

Unde, calculum profequendo uti in propofitione 
tertia, motus nodorum faftus, quo tempore planeta 
P a loco conjunftionis D difcedens defcripferit in 
orbe ho arcum quemlrbet DP, exprimetur per 

akn . S , n t^ , T - 1 , S + V- 2 

l^m^i + R — ■j,+--xfm.-/4— 7-fin.-^ 

^ ,' I . , fin, — ^x -|- ^ ' ' fin. — s -|-, &c. 

•t--— r in Z%nn. 2^ — R*— -T3 H — -; — fin. 2^4* "•■^+2^ 

• 2r P 2n+ I ' » ' 

— oXr"fin. 2i+2^-.-xrrrr fin* 2^4-'~"'^4- 2^ 

..^ — y fin. 2 J x+2^-.^i X ^. fin> 

2 2« I « 2 2» + 3 



^■■M 



2; + fj -I- 2tf — -X J^^ fin. 2^— |j + 2tf 
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2^ — ^s 4^2a -~ >--- X " . • fin* 2S -^^z^ ^ ^^> ^^ 

exiftente Z = 2n + i in R-.^x==^+' ==== 

np V W 

■ i ■ • S»- ■■iii n i mA - ""l ■■ » iii ' -!■ •I I mm III ■iiiiiim *^1 .iii — ■' — ' ' i " . ' ■■ ■ 

2n — lX2«+3 ^^ — 3lXa«-i-4 2» — 3X2» + S 

4-, Sec. In quibus feriebus manifefta eft terminorum 
progreffio, Q;_E, L 

Hinc in conjtindbnibus expreflio mot&s nodi e?adit 



0k 



( _ 5 ,-^ «Z X fin. 2 i + 2i5r — fin^ 2^, Hie- 

que eft motns nodi fadns quo tempore pknetas P 
et 03 conjundione procedentes ad conjunftionetti 
quamvis aliam pervenerint, exhibente s jurcum I pla* 
fieta P in M orbitt interea defcriptnm. Terminus 

~X— ^ exprimit motnm nodi medium, et terminus 

f i t M lllll l II lll l ll I III III! mn I l ^m i ■■^.■■■■ ■■■■■^■■■■■MMMMMIiWIIIIMMI 

alter— ^2? x fin. zs 4- 24 ~- fin. 2 ^ indicat aequa* 

tionem feriodkam genemkm y vel etiam, fi conjun6ti& 
ilia a qua defiimitur eomputationis initium, fieri fiip- 
ponatur in nodo, vel prop^ ad nodum, ^quatio pe. 

riodica generalis fit --r Z X fin 2 ^. 

Defignet jam planeta P Terram, Q^Venerem^ 
eritque poft unam revolutionem fynodicam. id eft, 

poft revolutionem Veneris ad Terram, ^^=360", 

Uu 2 proindeque 
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proindequc s =: nx, 360'' =r= 575'' 3 1\ Quare mea- 
tus nodi medius huic temporis fpatlo congruens. fit 

— 78x360% qui imminutus in ratione revolutionis 

Terras circa Solem ad ejufdcm revolutionem ad Ve- 

nerem, hoc eft, in ratione i ad n^ evadit --3 S x 360'' 

=: 5''.2o, motus fcilicet nodi medius annuus quo re- 
greditur interfpdio planorum orbium Terrae ac Vene- 
ris j atque hie motus fpatio centum annorum fit 
«^4o^ 

d h fi . -luf 

In computo asquationis periodica generalis — r Z 

X fin. 2 J, advertendum eft omnes terminos, ex qui- 
bus componitur valor quantitatis Z, eoidem hie efle 

ac in Prop- III. praeter terminum primum R — p- 

t X — -r- qui ob diverfiim valorem quantitatum t et k 
diverfiis eft. Hie igitur provenit Z == 31.59, ad- 

eoque —jr Z x fin. 2 j =: 5'^ X fin. 2 x ; unde patet 

sequationem banc nunquam fiiperare 5''. Motus 

— 

igitur nodi verus, nimiriim —^y. — s — ;^Z x fin. 2 x, 

peradt^ una revolutione fynodica port conjundionem 
fadtam in nodo, evadit 8 ^3 — 5'' x fin. 71''. 2^ quia 
tunc eft fin. 2s = fin- 2 x 575^ 31^ = fin. 7I^ 2^ ; 
et per ratiocinium fimile ei, quod in CoroU. II. 
Prop. III. ufiirpatum eft, conftabit 8^3 — 5'^8 

X cof. %r — I X 35^ 31^ exprimere regreflum nodi 

fadtum tempore illius revplutionis iynodicae, cujus lo- 

5 cum 
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cum in ferie revolutionum indicat namerus r. Hinc 
computatur tabula fequens quae exhibet regreffum 
nodi orbitae Terreflris in piano orbis Veneris pro duo- 
decim figillatim revolutionibus fynodicis quae proximo 
fequuntur cofijundionem Terrae et Veneris fadam in 
nodo , vel proxime ad nodum. 



In revol • 
iynod. 


Regreflbs 
nodi '1 er. 


In revol. 
fynod. 


Regrellus 
nodi Ter. 


I 

2 

3 


4 
10 

14 


I 

9 


// 

9 

14 

II 


4 

5 
6 


lO 

• 4 
3 


ID 
II 
12 


4 
3 
9 



Patet autem sequationem periodicam fpeciaJem^ 

nempe 5^^8 x cof- 2r — i x 35^ 31^ ubi maxima 
eft, evadere 5^^.8, et regreffum nodi in quavis revo- 
lutione Terrse ad Venerem jion affurgere ultra i^'\ 
nee minui citra 2'^-i. 



pROPosiTio VIIL Problema. 

lifdem pofitis, variationem inclinationis orbis planetae 
exterioris ad planum orbis planctaj interioris deter- 
minare* 

Defignet I variationem inclinationis faftam quo 
tempore planeta P defcribit arcum quam minimum 

P^ 
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P/, et N motum nodi eodem tempore confedum, 
ac per ratiocinium omnino fimile ei quod adhibitum 

eft in propofitione quartd habetur I = N x '2%l^ ' 
fed per propofitionem praecedentem eft N = -7 ^ — t» 



X fin. PN X fin. QN x P/, adeoque fit I =: -- — — 

X ^ X cof. PN X fin. QN X P/» 
Unde, cum hie fit P N =: s 4- ^> QN == 

s ^ ^ -J- ^, proindeque cof. P N X fin. QN = 

4 fin. —s -f- ^ jfin. 2s -}- — i -f- 2aj Ajmpta fluente 



n i * * n 



prodit variatio inclinationis genita, quo tempore pla- 
neta defcripferit in orbe fuo arcum quemlibet DP a 



^-T* 



loco conjunctionis D, sequalis — j- m R — 3^ ^ — — 
X fin. verf. — i -4 fin. verf. —s 4 — —7 — fin* 

« • 4 n * Q 

verf, —s -4 ~ — fin. verf. —s 4-* &c, 4- ^—r- in 



~. Z X fin. verf. 2^ 4- R -— t? x ; — fin. verfl 

"-—"—' — J ■' " ■ ' s J - s . 

2s 4 s 4-2^4 ^ X — fin. verf. 2i 4- ^^ + T 

X : " \ r fin- verf. 2 5 4- — ^ 4- ^ ^ + T X :,', ■ ; 

fin. verf 2 x — — 1 4- 2 1^: 4 x rr: fin. verf 

n * * 2 2 « + 3 

• i J- 3 J 4- 2<z 4- -- X —--: fin. verf. 2s — ^s 4- 2tf 



•■••■■pMMl 
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■ 

praecedente, Q^E. I. 

Co R o L L» 

Ubi angulus PSQ^eft nullus, vel multiplex anguli 
360% id eft, ubi planeta& verfantur in conjundione, 

variatio incHnationis genita generatlm eft — r^r- Z 



X iin* ver£ 2^ + a^ — fin. verf. za quae/ ft ponatur 
arcus DN =: ^ =z o, fit ^^Z x fin. verf. 2x. 

Atque hoc eft decrementum inclinationis orbis 
planetag P ad orbem planetae Q^adum in qualrbet 
ferie revolutionum ad conjunftionem, initio fuiwpto 
a conjundtione fada in nodo, vel prope ad nodum, et 
defignante s arcum intere^ a planeta P in orbe fuo 
defcriptum. 

Si inde computetur decrementum inclinationis orbis 
Terreftris fupra planum orbitae Veneris fadtum poft 
quotcumque revolutiones Veneris ad Terram, fiet 

^Zxfin.verr. 2, = o".3 xfm.verf. ... adeo,„e 

hoc decrementum, ubi maximum evadit, non fuperat 
of^.b^ ac proinde in omni cafu negligi poteft. 



LIII. An 



